Mammary Paget's disease and extramammary Paget's disease are uncommon intraepidermal epithelial neoplasms. Both conditions have similar clinical features that may mimic inflammatory and infectious skin diseases. The cells of origin in mammary Paget's disease and extramammary Paget's disease have been controversially discussed. Mammary Paget's disease is mostly associated with high-grade ductal carcinoma in situ (DCIS) (ductal intraepithelial neoplasia DIN 3) 1 or invasive ductal carcinoma G2 and G3, whereas extramammary Paget's disease is associated with an underlying in situ or invasive neoplasia in up to 32% of the cases, as reported in previous studies on the basis of a small number of cases. 2, 3 A current theory proposes that the tumor cells of extramammary Paget's disease originate either from the intraepidermal cells of apocrine gland ducts or from pluripotent keratinocyte stem cells. 4 Recently, vulvar extramammary Paget's disease has been classified based on the origin of neoplastic Paget cells as either primary (of cutaneous origin) or secondary (of non cutaneous origin). 5 Mammary Paget's disease and primary extramammary Paget's disease are currently treated surgically. Mammary Paget's disease with underlying invasive ductal carcinoma or high-grade DCIS (DIN 3) is traditionally treated by mastectomy. In those cases local recurrences are rare. Recently, a more conservative surgical approach in the treatment of mammary Paget's disease is favored, particularly in cases without association to an underlying palpable tumor. 6 While the conservative surgery of localized mammary Paget's disease has the major advantage of better cosmetic results, it, however, harbors a significant risk of recurrences. In contrast, primary vulvar Paget's disease is associated with a high recurrence rate of up to 60% after primary surgery. 7, 8 This relatively high rate of recurrence can be explained by either (i) positive resection margins, (ii) limitation of the vulvar surgery due to the anatomy of this region, or (iii) multifocal nature of the disease, even if the examined resection margins are histologically negative.
Normal apocrine glands of the skin and sebaceous glands are known to express androgen receptors; 9 they are, however, negative for estrogen receptors (ERs) and progesterone receptors (PRs). In breast carcinomas, the role of steroid receptors in the management and treatment of patients is well established. Recently, the frequent expression of androgen receptors (ARs) in high-grade invasive breast carcinomas and in high-grade DCIS (DIN 3) has been reported. 10 Her-2/neu, also known as c-erb-B2, is another prognostic and predictive parameter used in breast carcinoma. 11 The aim of this study was to investigate the expression of steroid receptors including ER, PR and AR as well as Her-2/neu on a large number of mammary Paget's disease cases and extramammary Paget's disease cases by means of immunohistochemistry.
Materials and methods
We investigated 10% buffered formalin-fixed and paraffin-embedded tissues of 81 cases of mammary Paget's disease and extramammary Paget's disease from the surgical pathology files of the Department of Pathology, Medical University Graz and from the Department of Pathology, University of Leipzig. The investigated 58 cases of mammary Paget's disease were exclusively associated with high-grade invasive ductal carcinoma (30/58) or high-grade DCIS (DIN 3, 28/58). The grading was performed by using the WHO criteria. 1 None of the investigated underlying carcinomas were of apocrine type. The 23 cases of extramammary Paget's disease (21 vulva, 2 perianal) were neither associated with underlying adnexal adenocarcinomas nor internal neoplasms like anal or rectal adenocarcinomas or urothelial carcinomas. Five of them were recurrent extramammary Paget's disease cases. Paraffin-embedded tissue blocks were cut in 4 mm thick serial sections and mounted on precoated glass slides. The sections were deparaffinized, rehydrated and rinsed in distilled water. Immunohistochemical assays for AR, ER, PR and Her-2/neu were performed on consecutive paraffin sections using standardized automated procedures (Ventana Medical Systems, Tucson, AZ, USA; and Dako Glostrup, Denmark) ( Table 1) . Monoclonal mouse antihuman antibody clones 6F11 and 1A6 (Ventana Medical Systems) were used as primary antibodies for ER and PR. For the determination of AR expression, the monoclonal mouse antihuman androgen receptor antibody (clone AR441; Dako) was used. In brief, antigen retrieval was achieved with microwave treatment (ER and PR) or heating in a water bath (981C) (AR) ( Table 1 ). An ES (Ventana Medical Systems) or Chemo-Mate (Dako) autostainer was used in conjunction with an indirect streptavidin-biotin method. After incubation with the primary antibody, incubation with the secondary, biotinylated antibody was performed for 30 min. After washing, sections were incubated with streptavidin-peroxidase for 30 min. Finally, the enzyme was visualized after a 15-min incubation with diaminobenzidine. Counterstaining was performed with hematoxylin. Samples were only scored as positive when at least 10% of the nuclei were immunoreactive. Mammary Paget's disease and extramammary Paget's disease were also analyzed immunohistochemically with Hercep TestR, an FDA-approved assay for the detection of p185 Her2 overexpression (Dako, Denmark) (Table 1 ), in accordance with the manufacturer's protocol and scoring guidelines (possible score: 0 to 3 þ ). Only a score of 3 þ in more than 10% of the tumor cells was regarded as a positive result for Her-2/neu overexpression. All immunoslides were evaluated independently by two investigators (BL and FM). The rare cases, in which disagreement occurred, were re-evaluated by using a multiheaded microscope; a final agreement was reached in all cases. (Figure 1d ). PRs were consistently negative. ERs were negative in 52 out of 58 cases (90%) (Figure 1b ) whereas six out of 58 (10%) cases of mammary Paget's disease were positive for ERs (Figure 1e ). Her2/neu staining was positive in 56 out of 58 (97%) cases (Table 2) . Co-expression of Her2/neu and AR was found in 51 out of 58 (88%) cases. Table 2 ). Coexpression of Her2/neu and AR were found in 12 out of 23 (52%) cases.
Discussion
Several previous studies on breast carcinomas revealed biological and therapeutical significance of ER and PR. 12 Only a few studies examined the expression of AR in breast carcinoma. 13 Moinfar et al 10 found frequent expression of AR in poorly differentiated invasive breast carcinomas (39%) as well as in high-grade DCIS (DIN 3, 68%), which were mostly ER and PR negative. Few studies focused on expression of steroid hormone receptors in extramammary Paget's disease. 14 These studies revealed that Paget cells in extramammary Paget's disease were usually negative for ER and PR, but commonly showed a positive immunoreaction for AR. One study 14 reported AR-positivity in 15 out of 28 extramammary Paget's disease. In this study, however, positive immunoreactivity ranged from 1% to more than 75% Paget cells. Interestingly, only eight cases (28.5%) of extramammary Paget's disease in this study 14 displayed AR-positivity in more than 10% of tumor cells.
Our study, to the best of our knowledge, is the first reporting common expression of AR in mammary Paget's disease. AR positivity in mammary Paget's disease was found in 88% of the examined cases (cutoff: positive reaction in more than 10% of Paget cells). In extramammary Paget's disease, 78% of cases revealed positive reaction for AR. While PR was always negative in mammary Paget's disease and extramammary Paget's disease, a few cases displayed ER-positivity in mammary Paget's disease (10% of cases) and extramammary Paget's disease (4% of cases).
Overexpression of Her2/neu was observed in mammary and extramammary Paget's disease in 96%, and respectively in 53%. In mammary and extramammary Paget's disease, a coexpression of Her2/neu and AR was found in 88%, and respectively in 52%. In 2/3 of mammary Paget's disease, an underlying high-grade invasive ductal carcinoma or a high-grade DCIS (DIN 3) was present in the same sections. In the vast majority of cases, the tumor cells of invasive ductal carcinoma or DCIS (DIN) showed an identical staining pattern to that of intraepithelial Paget cells, revealing ER and PR negativity, but AR positivity. Only a minority of cases, namely two cases of DCIS G3 (DIN 3) and four cases of high-grade invasive ductal carcinoma in association with mammary Paget's disease, showed a nuclear positivity for ER. The results of Her2/neu staining of the underlying neoplasms were identical to those of the intraepidermal Paget cells in 100% of cases. The frequent expression of AR and common coexpression of AR and Her2/neu in mammary Paget's disease and extramammary Paget's disease raise the important question of the role of androgen, Her2/neu, and their receptors in the pathogenesis and biology of Paget's disease. Concerning breast carcinomas, a few previous studies have shown that androgens may affect the growth of breast carcinomas in animals. 15, 16 For example, pharmacologic administration of androgens to rats bearing dimethylbenzanthracene-induced breast carcinoma led to tumor regression. 16 Tumor proliferation in human mammary carcinoma was also significantly altered by androgens. 13 The results of adjuvant treatment of breast cancer with aromatase inhibitors, which block the conversion of adrenal steroids (mainly androgens) into estrogens, have been reported 17 and underscore the important role of androgens in the stimulation of human mammary carcinoma growth. Furthermore, studies on the effects of androgens and antiandrogens on breast carcinomas in long-term tissue cultures indicated that some human breast carcinomas, at least in vitro, Androgen receptors and mammary and extramammary Paget's disease B Liegl et al may be stimulated by androgens. 13, 15 On the other hand, approximately 20% of patients with metastatic breast carcinoma may experience tumor regression after treatment with androgens. 18 This paradoxical affect of androgen may depend on different cell types and/or be related to the presence of other steroid receptors, such as ER or PR. In addition, the heterogeneity of carcinoma cells with respect to steroid receptor positivity and the relative distribution of each steroid receptor in carcinoma cells may influence the activity of androgens in either a proliferative or inhibitory direction. With regard to extramammary Paget's disease, an interesting experimental study 19 revealed that both androgen and estrogen may stimulate the growth of a transplantable tumor derived from human extramammary Paget's disease in nude mice. Furthermore, the stimulation of growth in transplanted tumor cells in that study was clearly related to AR and ER pathways.
19 Her2/neu oncogene and its relationship to breast cancer has been widely investigated 11, 20 but data about its role in Paget's disease are limited. [21] [22] [23] [24] [25] The Her2/neu oncogene is a 185 kDA transmembrane glycoprotein with close homology to the epidermal growth factor receptor. The gene is located on chromosome 17q12-21.32.
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Overexpression of Her2/neu has been found to correlate with poor prognosis in breast cancer patients, especially node-positive ones. 20 Recently, it has been shown that the spread of Paget's cells through the epidermis is induced by a motility factor that acts via the Her2/neu receptor. 27 Most of the previous studies revealed a high expression of Her2/neu in mammary Paget's disease, ranging from 71 to 100%. [22] [23] [24] 28 The reported data of Her2/neu expression in extramammary Paget's disease, however, are conflicting. Previous reports have demonstrated overexpression of Her2/neu in extramammary Paget's disease ranging from 5 to 55%. [21] [22] [23] [24] [25] While Hannah et al 21 found Her2/neu expression in only 5% of extramammary Paget's disease, we found Her2/neu expression in 52% of extramammary Paget's disease cases. This is similar to the findings of Takata et al 25 who reported Her2/ neu expression in 55% of their extramammary Paget's disease.
Currently, patients with metastatic breast carcinoma whose cancer cells overexpress Her2/neu are treated with Trastuzumab (Herceptin). Trastuzumab (Herceptin) is a recombinant DNA-derived humanized human monoclonal immunoglobulin G (IgG) antibody, which binds to p185 HER2. The possible antiproliferative mechanisms of Trastuzumab include downregulations of HER2 receptors, activation of immune effector cells (antibody-dependent cell-mediated cytotoxicity), reduction of S-phase cell-cycle progression, and reduction of vascular endothelial growth factor. 29 Use of Trastuzumab for women suffering from recurrent vulvar Paget's disease has recently been suggested. 30 It, however, needs to be emphasized that treatment with Trastuzumab (Herceptin) is associated with serious side effects, including cardiotoxicity; 31 a fact that probably limits its use as a therapeutic agent in Paget's disease. In contrast, an anti-AR treatment as currently used in the treatment of patients with prostate cancer has considerably less side effects 32 and would probably be a more suitable adjuvant therapy in mammary Paget's disease and extramammary Paget's disease.
In summary, ARs are present in 88% of mammary Paget's disease and 78% of extramammary Paget's disease. Overexpression of Her2/neu can also be observed in mammary Paget's disease and extramammary Paget's disease in 96%, and respectively in 52%. The knowledge about frequent expression of AR in Paget's disease may play a significant role in the development of new adjuvant therapeutic strategies in future, particularly in patients with recurrent diseases. 
